We present results from a search for an exotic Higgs boson in the channel H ++ → + + with the CMS detector using data accumulated in the 2010 & 2011 running of the LHC at √ s = 7 TeV. We also present results from a search for a charged Higgs boson in tt decays in the channel H + → τν.
Introduction
In the Minimal Supersymmetric extension to the Standard Model (MSSM) five Higgs bosons are predicted: the CP-even h 0 and H 0 , the pseudoscalar A 0 and the charged Higgs boson H + [1] . If the charged Higgs boson mass is smaller than the top quark mass, i.e. m H + < m t − m b , the top quark can decay via t → H + b (and its charge conjugate). For values of tan β (the ratio of the vacuum expectation values of the two Higgs boson doublets) larger than 20, the charged Higgs boson preferentially decays to τ lepton and neutrino, H + → τ + ν τ . The presence of the t → H + b, H + → τ + ν τ decay modes alters the SM prediction of the τ lepton yield in the decay products of the tt pairs. This article presents the results of the search for a charged Higgs boson in the decay of top quarks using 1.1 fb −1 of data accumulated using CMS detector [2] .
Doubly-charged Higgs bosons (Φ ++ ) appear in exotic Higgs representations such as found in minimal seesaw model of type II and left-right symmetric models [3] . This particle decays to the same charged lepton pairs + i + j allowing lepton flavor violating decays. In the see-saw mechanism of type-II the Φ ++ Yukawa coupling matrix Y i j Φ is proportional to the light neutrino mass matrix and allows to test the neutrino mass mechanism by measuring the branching fractions Φ ++ → i j at the LHC. The results of an inclusive search for the doubly charged Higgs boson is also presented.
Search for charged Higgs boson in decay of top quarks
The dominant source of top quarks at LHC is pp → tt process, therefore the charged Higgs boson has been searched for in the subsequent decay products of the top quark pairs: tt → H ± W ∓ bb and tt → H ± H ∓ bb when H ± decays into τ lepton and neutrino [1] . Three types of the final states with large missing transverse energy and b-tagged jets have been analyzed: with e+µ pair, with muon plus τ decaying hadronically (µτ h ) and with no leptons and τ decaying hadronically (fully hadronic final state).
In the eµ channel the events are triggered by the combined electron plus muon triggers. In the offline analysis the events are selected by requiring at least one isolated electron and one isolated muon with E T > 20 GeV (p T > 20 GeV/c), |η| < 2.5 (2.4) for electrons (muons), at least two jets with p T >30 GeV/c, |η| <2.4. The jets are required to be separated from the leptons with ∆R >0.4. In the dileptonic µτ channel, the events are triggered by the single muon triggers. In the offline analysis events are selected by requiring one isolated, high p T muon, p T > 20 GeV/c and |η| <2.1, at least two jets with p T >30 GeV/c and |η| <2.4 with at least one b-tagged jet, the missing E T > 40 GeV and one τ h with p T > 20 GeV/c and |η| < 2.4. In the fully-hadronic channel the events are triggered by the combined τ plus E miss T trigger. In the off-line analysis the event selection includes the requirements to have one τ h with p τ h T > 40 GeV/c, |η| < 2.1, at least three other jets (N j ≥ 3) with p T > 30 GeV/c and |η| < 2.4 with at least one b-tagged jet, no isolated leptons (muons or electrons) with p T > 15 GeV/c and |η| < 2.5 (lepton veto), the E miss T >70 GeV. In order to effectively suppress the QCD multi-jet background only one prong τ h decays are selected with the additional cut on the transverse momentum of the leading charged particle, p trk T > 20 GeV/c. The backgrounds considered are the QCD multi-jets production, W +jets and Z+jets processes, di-boson (WW , ZZ, W Z) production, the SM tt and single top production dominated by tW channel. The major backgrounds in fully-hadronic channel are the electroweak and tt backgrounds containing a real hadronic tau and the QCD multi-jets background. These are estimated using data. The remaining electroweak and tt backgrounds, where an electron, muon or a jet is mis-identified as a tau jet, are estimated using Monte Carlo (MC) simulated events. The major backgrounds in the µτ channel are the SM tt and W +jets. The W +jets, tt → + jets and QCD multijets backgrounds, where a jet is mis-identified as a hadronic decaying tau, are estimated using data. The other backgrounds containing a real tau are estimated from MC simulated events. The SM tt process constitutes the largest part of the backgrounds in the leptonic eµ channel. All the backgrounds are estimated using MC simulated events.
A good agreement is found between the number of observed events from data and the expected SM backgrounds within the uncertainties. No excess (or lack) of events is observed in any channel.
A CLs method is used in order to obtain the upper limit at 95% C.L. on branching ratio BR(t → bH + ) [1] . Figure 1 
Search for doubly charged Higgs boson
At the LHC, the doubly charged Higgs boson can be produced via both the pair production process pp → Φ ++ Φ −− → [3] . Both production processes are studied, assuming that the Φ ++ and Φ + are degenerate in mass. We search for an excess of events in all possible flavour combinations of the same charge lepton pairs coming from the decays Φ ++ → + i + j without making assumptions on the Φ ++ branching fractions. Both the three and four charged lepton final states are considered including at most one and two τ leptons, respectively. In our search the Φ ++ → W + W + decays are assumed to be suppressed. In addition to the model independent search, the type II seesaw model is tested in four benchmark points (BP) [3] that characterize different characteristic neutrino mass matrix structures.
The most important signature of the Φ ++ search is the presence of two resonant same charge leptons. The occurrence of such a signature is extremely rare in SM processes. For the four lepton final state from Φ ++ Φ −− pair production both doubly charged Higgs bosons could be reconstructed giving two same charge pairs of leptons.
The events are selected at the trigger level using double lepton (ee, eµ, µ µ) trigger. In offline, the events are selected having one or more pairs of same sign dileptons. Additional topological cuts are applied depending on final states as discussed in ref. [3] . The selection cuts are optimized for significance across various final states and masses. The full selection for event counting is based on a mass window for a given m(Φ). The choice of mass window is motivated by the requirement of high efficiency for signal events across a variety of final states. In case of four lepton final states the mass window is defined as a two dimensional region in the plane of m(Φ ++ ) vs m(Φ −− ).
A good agreement is found between data and the Monte Carlo simulation in all final states. Model independent lower bound on the mass of Φ ++ is derived using CLs method. The results of the exclusion limit are shown in Figure 2 . These are the best limits to date in all decay channels except for 100% decays to τ's. 
